Abstract. The incidence of asthma is increasing worldwide. Bronchial epithelium injury is common in asthma. The regulatory role of Annexin A1 (ANXA1) in bronchial epithelium injury is currently not well understood. The aim of the present study was to evaluate the role of ANXA1 on bronchial epithelium injury. The cell viability and levels of apoptosis were respectively tested by Cell Counting Kit-8 and flow cytometry. Reactive oxygen species (ROS) content and the activity of oxidative indicators were assessed by commercial kits. Enzyme linked immunosorbent assay was performed to detect the activity of active caspase-3. Reverse transcription-quantitative polymerase chain reaction and western blot assays were used to determine the expression levels of the target factors. The results demonstrated that ANXA1 improved the viability of benzo[a]pyrene (Bap)-treated bronchial epithelial cells. The Bap-induced oxidative stress was mitigated by the reduction in ROS generation, and the regulation of the activity of superoxide dismutase, glutathione peroxidases, malondialdehyde and lactic dehydrogenase. In addition, apoptosis was decreased by ANXA1 via the reduction of the expression of B-cell lymphoma 2 (Bcl-2), and the increase in the expression of Bcl-2-associated X protein and cyclin D1. Furthermore, the expression of phosphatase and tensin homolog (PTEN) and focal adhesion kinase (FAK) was rescued and the phosphorylation of phosphatidylinositol 3-kinase (PI3K)/protein kinase B (Akt) was depressed by ANXA1, when compared with the Bap group. SF1670 treatment reversed the anti-apoptotic effect of ANXA1. In conclusion, the results highlighted the protective effects of ANXA1 on bronchial epithelium injury, which most likely occurred via the PTEN/FAK/PI3K/Akt signaling pathway.
Introduction
As a major public health problem, the incidence of asthma is on the rise worldwide (1, 2) . This condition is accompanied by airflow obstruction. Airway remodelling is one of the major characteristics of asthma, and has attracted many attentions due to its critical role in asthma disease (3) . Bronchial epithelium, as a physical mediator between the internal milieu and the external environment, is exposed to many environmental factors (i.e. air pollutants, allergens and environmental chemicals), therefore leading remodelling, which is considered as a response to cell and tissue damage (4, 5) . Many efforts have been done to combat asthma, however, only a few strategies proved to be effective in preventing/alleviating this condition. Therefore, it is necessary to develop new methods for asthma treatment. Benzo[a]pyrene (Bap) is a common environmental chemical carcinogen, which has strong carcinogenicity, mutagenicity and teratogenicity (6) . The atmospheric Bap mainly comes from wood burning (7) . Lung epidermal cells are the main media, via which some harmful substances are absorbed by human bodies. Research reported that Bap is able to induce pulmonary epithelial injury (8) . Thus, Bap will be used to help set up the bronchial epithelium injury model in the present study.
The balance of redox state is considered to contribute to multiple cellular events (9) . Emerging evidences have suggested that reactive oxygen species (ROS) are the mediator for the chronic airway diseases, which includes asthma (10, 11) . ROS is a byproduct of cell respiration, and it can be removed by antioxidant enzymes under normal conditions. However, if the oxidant/antioxidant balance is disrupted, excessive ROS oxidation metabolites will accumulate in cells, and therefore inducing oxidative stress and creating impairments to the cells (12) . The predominant consequence of oxidative stress is the cell apoptosis (13) . Thus, strategies targeting at the oxidative stress and apoptosis of bronchial epithelial cells may be effective to control tissue injury in the treatment of asthma.
Various molecules and factors, such as phosphatase and tensin homolog (PTEN), focal adhesion kinase (FAK) and phosphatidylinositol 3-kinase (PI3K)/Akt, are associated with cell survival (14, 15) . PTEN has generally been recognized as a tumor suppressor (16) , and it may be a gatekeeper in acute lung injury and fibrosis (17) . Moreover, PI3K/Akt, as an important signaling pathway that regulates cell survival, is possibly negatively regulated by PTEN (18) . Furthermore, FAK is critical to the integration of various signals (19) , which are of significance to the cell survival and apoptosis (15, 20) . FAK is reported to be the upstream of PI3K/Akt signaling pathway as well (21) . Therefore, these signals may be the possible molecule targets in the treatment of bronchial epithelial cell injury.
Annexin A1 (ANXA1), which originally believed to inhibit phospholipase activity (22) , has been reported to be able to modulate various cellular functions in multiple cell types (23, 24) . Protective roles of ANXA1 have been observed (25, 26) . A recent study demonstrated that ANXA1 is able to accelerate the healing of gastric ulcers that caused by indomethacin (27) . However, to the best of our knowledge, the regulatory role of ANXA1 in bronchial epithelium injury and the potential mechanisms have not been validated. Thus, the main scope of this study was to determine the effect(s) of ANXA1 on bronchial epithelial cell injury in vitro.
Materials and methods
Cell culture and cell viability assay. Human bronchial epithelial cells BEAS-2B (CRL-9609; ATCC, Manassas, VA, USA) (passage numbers 60-80) were maintained in Dulbecco's Modified Eagle's Medium (DMEM; Thermo Fisher Scientific, Inc., Waltham, MA, USA) that containing with 10% fetal bovine serum, and, 1% streptomycin/penicillin (Gibco; Thermo Fisher Scientific, Inc.) at 37˚C with and 5% CO 2 at 37˚C. CCK-8 method (Beyotime Institute of Biotechnology, Haimen, China) was adopted to measure the cell viability. The cells were seeded at a density of 2.5x10 3 cell/well. After 24 h, 10 µl CCK-8 solutions were added into the incubator and then maintained with the cells at 37˚C for 4 h. The absorbance 450 nm was measured by a microplate reader (Bio-Rad Laboratories, Inc., Hercules, CA, USA).
Cell grouping and transfection. The cell grouping were as follows: i) Control group, normal cells; ii) empty vector group, cells that were transfected with negative vectors; iii) NXA1 group: cells that were transfected with ANXA1 over-expression vectors; iv) Bap group, cells that were treated with Bap (64 µM for 6 h, as stated in the results section); v) emp+Bap, Cells that were transfected with negative vectors, and then treated with 64 µM Bap for 6 h), Anx+Bap: Cells that were transfected with ANXA1 vector and then treated with 64 µM Bap for 6 h. E.V.=empty vector, Bap=benzo[a]pyrene. Lipofectamine LTX™ Reagent (Invitrogen; Thermo Fisher Scientific, Inc.) was used for cell transfection. The p-Receiver-M01/ANXA1 vector for over-expression were ordered from GeneCopoeia (Rockville, MD, USA). The expression vector p-Receiver-M01 served as negative control vector. The cells were cultured in serum-free medium overnight. Lipofectamine Reagent and DNA solution (vector ANXA1 or negative control) were gently mixed. After being incubation for 30 min, the Lipofectamine-DNA complex was added into cells, and mixed by rocking the plate back and forth. Subsequently, the plate was incubated in an incubator. Then the cells in each group were treated with or without Bap. The cells were pretreated with 500 nM SF1670 (MedchemExpress, South Brunswick, NJ, USA) at 37˚C for 30 min to inhibit the PTEN pathway, following steps described in a previous study (28) .
Apoptosis estimation. Flow cytometry (FCM) assay was performed to assess cell apoptosis using FITC/Annexin V Apoptosis detection kit I (BD Biosciences, Franklin Lakes, NJ, USA), according to the manufacturer's instructions. The cells were incubated with FITC/Annexin V and PI at room temperature in the dark for cellstaining. The cells were fixed with paraformaldehyde (0.5%), and then they were loaded on a FACStar Plus flow cytometer (BD Biosciences).
ROS content detection.
To evaluate the intracellular ROS levels, the cells were stained with 10 µM fluorescent dye 2,7-dichlorofluorescein diacetate (DCFH-DA) dye (Sigma-Aldrich; Merck KGaA, Darmstadt, Germany) at 37˚C for 15 min in the dark. DCFH-DA can be transformed into fluorescent DCF by the presence of ROS. The fluorescent intensity indicated the ROS levels. The DCF fluorescence signals were detected by a fluorescence plate reader (BioTek Instruments, Inc., Winooski, VT, USA).
Oxidative stress measurement. The cells were centrifuged and the supernatant was collected. Following the manufacturer's instructions, the activities of superoxide dismutase (SOD; S0101), glutathione peroxidases (GPX; S0056), malondialdehyde (MDA; S0131) and lactic dehydrogenase (LDH; C0016) were assessed by available commercial kits (Beyotime Institute of Biotechnology). A microplate reader (Bio-Rad Laboratories, Inc.) was used to measure the absorbance when appropriate.
Enzyme linked immunosorbent assay (ELISA). Active
Caspase-3 Quantikine ELISA kit (R&D Systems, Inc., Minneapolis, MN, USA) was used to detect the activity of active caspase-3. To explain further, the cells were collected and re-suspended. Then, the samples were added into each well and then incubated at room temperature for 1 h. After being washed, the substrate solution was added into the wells and then incubated for 30 min at room temperature. Finally, the stop solution was added into each well. The absorbance was read at 450 nm using a microplate reader (Bio-Rad Laboratories, Inc.).
Reverse transcription-quantitative polymerase chain reaction (RT-qPCR) analysis. Total RNA was isolated from the harvested cells using TRizol regent (Invitrogen; Thermo Fisher Scientific, Inc.), following the manufacturer's protocols.
The integrity of RNA was tested by agarose gel electrophoresis. The total RNA (1 µg) was reverse-transcribed into cDNA using M-MLV (Promega Corporation, Madison, WI, USA). RT-qPCR analysis was performed to detect the relative expression of target genes. The amplification was conducted on ABI Prism 7,500 Sequence detection instrument using SYBR Premix TaqTM II kit (Takara Bio, Inc., Otsu, Japan). Western blot analysis. The lysed cells were centrifuged at 12,000 g at 4˚C for 10 min. The protein concentration was determined by BCA Protein Assay Kit (Bio-Rad Laboratories, Inc.). The proteins were denatured by being heated in boiling water for 5 min. The proteins were then separated on SDS-PAGE gel by electrophoresis. After being transferred onto PVDF membrane, the proteins were blocked with skimm milk for 2 h at room temperature. Primary antibodies were incubated with PVDF membrane overnight at 4˚C. Information of primary antibodies used in the experiment was as follows: Anti-ANXA1 (ab19830, 1:2,000), anti-Cyclin D1 (ab134175, 1:10,000), anti-Bax (ab32503, 1:1,000), anti-Bcl-2 (ab692, 1:500), anti-PTEN (ab170941, 1:4,000), anti-FAK (ab76496, 1:1,000), anti-Akt1/2 (ab182729, 1:5,000), anti-p-Akt (ser473) (ab81283, 1:5,000; all from Abcam, Cambridge, UK), PI3Kinase Class III (4263, 1:1,000; CST Biological Reagents Co., Ltd., Shanghai, China), anti-p-PI3Kinase Class III (Ser249) (13857, 1:1,000; CST Biological Reagents Co., Ltd.) and anti-β-actin (ab8226, 1:5,000; Abcam). Subsequently, the secondary antibodies (ab205718, 1:5,000; Abcam) coupled with horseradish peroxidase were added and interact with the primary antibodies. The band was developed with enhanced chemiluminescence system (GE Healthcare, Chicago, IL, USA). The grey value was read using quantity one 4.6.2.
Statistical analysis. Data are presented as mean ± standard deviation. Student's t-test or one-way analysis of variance followed by Dunnett's post hoc test was performed to compare the differences among groups by using GraphPad Prism Software 6 (GraphPad Software, Inc., La Jolla, CA, USA), when appropriate. P<0.05 was considered to indicate a statistically significant difference.
Results

ANXA1 improved the viability of Bap-treated bronchial epithelial cells.
The effect of Bap on cell viability was determined first. Data showed that the cell viability deceased gradually with the increase of time and of the dosage of Bap. The viability began to decline significantly after 6 h of 64 µM Bap incubation (Fig. 1) . Thus, incubating 64 µM Bap for 6 h was selected for inducing bronchial epithelium injury. Moreover, the expression of ANXA1 was depressed by the presence of Bap in mRNA and protein levels. However, we observed that the over-expression of ANXA1 reversed this phenomenon ( Fig. 2A-C) . Furthermore, the decreased viability of bronchial epithelial cells was recovered by ANXA1 over-expression (Fig. 2D) . bronchial epithelium injury (30) . The effect of ANXA1 on ROS generation was tested. Our data indicated that the intracellular ROS content was mitigated in ANXA1+Bap group, compared to Bap group (Fig. 3A) . Furthermore, compared to Bap group, the activity of free radical scavenging enzymes, including superoxide dismutase (SOD) and glutathione peroxidase (Gpx) was rescued. however, the content of oxidative injury makers, including malondialdehyde (MDA) and lactate dehydrogenase (LDH), was declined by ANXA1 over-expression (Fig. 3B) .
ANXA1 reduced the Bap-mediated oxidative stress in bronchial epithelial cells. ROS induction is a critical mechanism of
ANXA1 depressed the Bap-mediated apoptosis in bronchial epithelial cells. Apoptosis can be triggered by oxidative stress (31) . FCM data showed that cell apoptosis level was lower in ANXA1+Bap group than that in Bap group (Fig. 4A and B) . Moreover, the activity of caspase-3 was reduced by the over-expression of ANXA1 (Fig. 5A) . In addition, Bcl-2 and Bax, as members of the Bcl-2 family, is pro-apoptotic and anti-apoptotic apoptosis proteins, respectively (32) . Cyclin D1, as a cell cycle regulator, is active in cell apoptosis pathways (33) . Thus, the anti-apoptotic effect of ANXA1 was further determined by testing the expression of these apoptosis-related genes. Our data recorded that the increase expression of Bcl-2 was alleviated, whereas the expression of Bax and cyclin D1 was rescued by the over-expression of ANXA1 in both mRNA and protein levels, compared to Bap group (Fig. 5B-D) .
ANXA1 modulated the activity of PTEN/FAK/PI3K/Akt signals. PTEN/PI3K
/Akt is reported to be related to the lung cell injury (34, 35) . And FAK is associated with cell apoptosis (36) . Thus, the effect of ANXA1 on these factors was investigated. We observed that Bap reduced expression of PTEN and FAK, which was recovered by ANXA1 ( Fig. 6A and B) . Moreover, the results showed that the enhanced levels of phosphorylation of PI3K and Akt (p-PI3K/p-Akt) induced by Bap were partly declined by ANXA1 (Fig. 6C and D) .
Inhibition of PTEN reversed the anti-apoptotic effect of ANXA1. Subsequently, an inhibitor of PTEN-SF1670, Figure 8 . The model applied in the present study. Red arrows indicate the effect of Bap, and green arrows indicate the effect of ANXA1. Bap, benzo[a]pyrene; OS, oxidative stress; ANXA1, Annexin A1; PTEN, phosphatase and tensin homolog; FAK, focal adhesion kinase; PI3K, phosphatidylinositol 3-kinase; Akt, protein kinase B; p-, phosphorylated; SOD, superoxide dismutase; GPX, glutathione peroxidases; MDA, malondialdehyde; LDH, lactic dehydrogenase; ROS, reactive oxygen species; Bcl-2, B-cell lymphoma 2; Bax, Bcl-2-associated X protein. was adopted to further confirm the role of PTEN in the anti-apoptotic effect that conferred by ANXA1. The results showed that the apoptosis mediated by Bap was mitigated by over-expression of ANXA1, whereas SF1670 reversed the anti-apoptotic effect of ANXA1 (Fig. 7A) . Moreover, the WB data indicated that the enhanced expression of PTEN and FAK was decreased by SF1670. And the decreased expression of p-PI3K/p-Akt was augmented by SF1670 (Fig. 7B ). The work model relate to the current study was shown in Fig. 8 .
Discussion
In environmental pollutants and cigarette smoke, many toxic agents, of which Bap is a type, produce harmful effects on human beings, especially on the respiratory tract (37, 38) . Bap was employed to induce the bronchial epithelium injury in this study. Consistent with the previous study, it was obvious that the cytotoxic effect of Bap was augmented with the increasing of concentration and the progress of incubation time. This study investigated oxidative stress and apoptosis in human bronchial epithelial cells during the incubation with Bap and the expression of AnxA1. The data suggested that the ANXA1 exerted a protective role in Bap-induced bronchial epithelium injury. This outcome was in line with the increased histopathologic mucosal injury exhibited in AnxA1-deficient animals (39) .
Several mechanisms have been put forward to interrupt the cell injury in airways, among which intracellular induction of ROS is a type. ROS are molecules, which have a strong cytotoxic capacity. Oxidative stress occurs when the ROS accumulate in living cells (12) . Our data showed that the incubation of Bap remarkably increased the ROS formation in bronchial epithelial cells and that the ROS level was declined by the ANXA1 over-expression. Oxidative stress is caused by oxidant/antioxidant disorder. The over-generation of ROS will lead to enzymatic and non-enzymatic alterations and the dys-regulation of respiratory airways (40) . Our data recorded an increased activity of SOD and Gpx as well as a decreased content of MDA and LDH. Since the imbalance of oxidant/antioxidant enzyme was ameliorated by ANXA1, our research data were in accordance to the results from a previous study, in which the oxidative inactivation and the mucosal wound repair was shown to be promoted by ANXA1 in mucosal wound repair (41) .
Activation of the apoptosis pathway is closely related to increased ROS production (42) . The cellular caspase-3 activity was enhanced subsequent to being incubated with Bap, following oxidative stress in this study. Moreover, the apoptosis was reduced by the over-expression of ANXA1 via decreasing the expression Bcl-2 and increasing the expression of Bax and cyclin D1. It has been previously suggested that ANXA1 exerted its protective role by repressing the apoptosis. Consistently, it was believed that excessive apoptosis is another mechanism of cell injury due to oxidative stress in airway epithelial cells (43) .
PTEN, as a well-known tumor suppressor, can counterbalance the activation of PI3K/Akt (44) . The important role of PTEN in resistance to lung cell injury has been demonstrated before (45) . FAK is associated with both PTEN and PI3K/Akt based on current knowledge (46) . To illustrate the molecular mechanism, the activity of PTEN, FAK, PI3K/Akt was examined. Our data indicated that PTEN and FAK were deactivated by Bap, while their expressions were rescued by the ANXA1 over-expression. A previous study have shown that the antisense oligonucleotides of FAK could depress cell viability (47) . Thus, in this study, the anti-apoptotic role of FAK was recognized once more. Furthermore, the hyperactivation of PI3K/Akt caused by Bap was partially blunted by ANXA1. This result was compatible with a publication in which the inactivation of Akt definitively ameliorated ALI and airway remodelling, and retained the integrity of alveolar epithelial cells (17) . Nevertheless, researches also pointed out that PI3K-Akt signaling pathway was related to anti-apoptotic functions (48, 49) . These results appeared to be controversial. However, it is not surprising that PI3K-Akt signaling pathway may exert different roles in the cells, and this may ascribe to different cell type and different study model. In addition, the specific inhibition of PTEN that caused by SF1670 reversed the anti-apoptotic effect of ANXA1, and such a phenomenon suggested that the activation of PTEN was necessary for the protective effect of ANXA1. Moreover, SF1670 reversed the effect of ANXA1 on the expression of PTEN, FAK and p-PI3K/p-Akt. All these data showed that PTEN/FAK/PI3K/Akt pathway was the downstream signaling of ANXA1, and this pathway was participated in Bap induced apoptosis.
Taken together, as the work model shown, the over-expression of ANXA1 suppressed Bap-induced oxidative stress and blunted activation of PI3K/Akt. ROS play important roles in the signal transduction pathways that regulate cell proliferation (50, 51) . It was implied that the anti-apoptotic role of ANXA1 may ascribe in part to a redox-dependent mechanism (52) . Thus, ANXA1 might have the function to prevent bronchial epithelium injury. In addition, if the protective role of ANXA1 can be confirmed by in vivo studies, ANXA1 may have promising therapeutic benefits for the option of asthma.
In summary, our results demonstrated that ANXA1 could sharply reduce the oxidative stress by declining ROS extent and modulating the level of SOD, Gpx, MDA and LDH. Additionally, ANXA1 inhibited apoptosis via regulating the expression of Bcl-2, Bax and cyclin D1. The underlying mechanisms is most likely to be associated with the the activation of PTEN/FAK and the inhibition of p-PI3K/p-Akt. The current study inspired a potential therapeutic strategy for asthma patients.
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